BACKGROUND: Current guidelines for prevention of neonatal group B streptococcal disease recommend diagnostic evaluations and empirical antibiotic therapy for well-appearing, chorioamnionitis-exposed newborns. Some clinicians question these recommendations, citing the decline in early-onset group B streptococcal disease rates since widespread intrapartum antibiotic prophylaxis implementation and potential antibiotic risks. We aimed to determine whether chorioamnionitis-exposed newborns with culture-confirmed, earlyonset infections can be asymptomatic at birth.
Despite a substantial reduction in the rate of early-onset group B streptococcal (GBS) infection after widespread implementation of maternal intrapartum antibiotic prophylaxis (IAP) for GBS disease in the 1990s, neonatal sepsis remains an important cause of morbidity and mortality. 1, 2 Early recognition of signs of neonatal sepsis and prompt antibiotic therapy are thought to improve neonatal outcomes. Thus, empirical newborn antibiotic therapy in the context of known risk factors for neonatal sepsis, including chorioamnionitis, may reduce sepsisrelated morbidity. [3] [4] [5] Because associations between maternal chorioamnionitis and neonatal GBS disease have been documented in several observational studies, [6] [7] [8] the Centers for Disease Control and Prevention (CDC) 2010 Guidelines for Prevention of Perinatal Group B Streptococcal Disease, endorsed by the American Academy of Pediatrics, the American Academy of Family Physicians, and the American College of Obstetricians and Gynecologists, recommend that well-appearing infants born to mothers with chorioamnionitis receive a limited diagnostic evaluation (a complete blood count [CBC] with differential and platelets and a blood culture at birth) and empirical antibiotic therapy. 5, [9] [10] [11] [12] [13] However, because the evidence behind these recommendations was limited to observational studies performed before widespread IAP use, some controversy surrounds the current recommendations. Some clinicians question, given widespread IAP use, whether diagnostic evaluations and empirical antibiotics are warranted for well-appearing term newborns exposed to chorioamnionitis. 14 In addition, clinicians may be reluctant to separate well-appearing infants from their mothers, if necessary to provide empirical antibiotic therapy, given the potential negative impact on early bonding and initiation of breastfeeding, particularly if intrapartum antibiotics mitigate some of the risk of sepsis associated with chorioamnionitis. Furthermore, an association between prolonged empirical antibiotic use and mortality and morbidity has been suggested. [15] [16] [17] In the absence of an elevated risk of sepsis, these concerns may outweigh potential benefits.
The proportion of chorioamnionitisexposed newborns with invasive early-onset infections who are well appearing at birth has not been described. Because chorioamnionitis is uncommon, complicating 0.5% to 10% of deliveries, this question is difficult to explore at single hospitals, even large hospitals. [18] [19] [20] With the use of data from a cohort of infants with early-onset infections identified through a multicenter research consortium, we aimed to determine whether newborns with culture-confirmed, earlyonset infections born to mothers with chorioamnionitis can be asymptomatic at birth.
METHODS
Prospective surveillance for earlyonset neonatal infections was conducted by the Eunice Kennedy Shriver National Institute for Child Health and Human Development Neonatal Research Network among live-born infants of all gestational ages with birth weights >400 g who were delivered at 1 of 16 university-based centers from February 2006 through December 2009. The results have been reported previously. 1 Detailed information was collected for infants with earlyonset infections only. Hospital records of the cases born to mothers diagnosed with chorioamnionitis were retrospectively reviewed in 2013 to obtain more detailed information on the presence and timing of onset of clinical signs and symptoms of sepsis, timing of blood cultures and antibiotic therapy, and date and timing of CBC evaluation. Cases whose mothers had clinical chorioamnionitis, defined as a diagnosis of chorioamnionitis documented in the medical record or histologic chorioamnionitis documented by placental pathology, were included in the review. The institutional review board at each participating center approved the review of records; the CDC provided funding for the retrospective review, but data collection and analyses were performed by the study sites and RTI International.
Early-onset infections were defined by the isolation of a pathogen from blood or cerebrospinal fluid culture of specimens obtained within 72 hours of birth and antibiotic treatment of ≥5 days (or death at <5 days while receiving antibiotic therapy). During the prospective surveillance, cases were identified through review of patient, microbiology, and hospital epidemiology records. Coagulasenegative staphylococci, micrococci, propionibacteria, corynebacteria, or diphtheroids isolated from a single culture were considered contaminants, regardless of site determination of contamination status. Cultures that grew Bacillus species or that grew >1 organism were included unless the attending physician judged the culture to be contaminated and did not treat the infant or discontinued antibiotics before day 5 in a surviving infant.
During the surveillance study, maternal information was abstracted from labor and delivery records, including GBS screening results, risk factors for early-onset GBS disease, antibiotic use and clinical signs in the 72 hours before delivery, and documentation of clinical and histologic chorioamnionitis. Risk factors for early-onset GBS disease included a previous infant with GBS infection, GBS bacteriuria, delivery at <37 weeks' gestation, rupture of membranes ≥18 hours before delivery, and intrapartum fever defined as a temperature ≥100.4°F (≥38.0°C) between the onset of labor and delivery. Maternal clinical signs included uterine or abdominal tenderness, foul-smelling vaginal discharge or amniotic fluid, tachycardia, or any temperature ≥100.4°F (≥38.0°C) in the 72 hours before delivery without regard to onset of labor. Information abstracted from the infant record included laboratory results, antibiotic therapy, severity of illness, and final status (death or survival to discharge, transfer, or 120 days).
For the current study, infants with early-onset infection and maternal chorioamnionitis were classified as symptomatic at birth if they had any signs of sepsis (Table 1) within 6 hours of birth. Infants with none of the reviewed signs or symptoms of sepsis within the first 6 hours were classified as asymptomatic at birth. Infants born before 37 weeks' gestational age were classified as preterm.
Using the steps in Fig 1, we estimated the number of well-appearing infants, stratified by preterm versus term, born to women with chorioamnionitis who were potentially treated for each initially asymptomatic infant with cultureconfirmed, early-onset infection assuming complete implementation of the Guidelines for Prevention of Perinatal Group B Streptococcal Disease. Because chorioamnionitis prevalence in the birth cohort was unknown, we used a range of prevalence rates from previous reports in our calculation. [18] [19] [20] We rounded the estimates to 1 significant digit (if <100) or 2 significant digits to reflect imprecision of the estimates.
Statistical significance for unadjusted comparisons was determined by χ 2 or Fisher's exact test for categorical variables or the Kruskal-Wallis test for continuous variables. Analyses were performed by using SAS version 9.3 (SAS Institute, Cary, NC).
RESULTS
During the surveillance study, 389 cases of culture-confirmed, earlyonset infection were identified among 396 586 live births at the 16 centers (0.98 cases per 1000 live births). Among infants infected, 232 (60%) were born to women with chorioamnionitis. Because medical records for 3 infants with maternal chorioamnionitis were unavailable for review, 229 were included in this analysis (Fig 2) . Mothers of 110 (48%) infants were diagnosed with both clinical and histologic chorioamnionitis, 77 (34%) with histologic chorioamnionitis only, and 42 (18%) with clinical chorioamnionitis alone (placental pathology was performed but chorioamnionitis not diagnosed for 13 of 42 mothers; placental examination was not performed for 28 mothers; information missing for 1 mother) ( Table 2 ). Risk factors for early-onset GBS infection were documented for 202 (89%) deliveries. At least 1 clinical sign consistent with chorioamnionitis was documented for the mothers of 162 (71%) infants within 72 hours before delivery, including 134 of 152 (88%) infants whose mothers had a clinical chorioamnionitis diagnosis. A majority of infants were born to mothers who received IAP, including 111 (75%) preterm and 48 (59%) term infants (P = .02). Penicillin, ampicillin, or cefazolin was included in the maternal regimens of 142 infants (62% of all infants, 89% of 159 whose mothers received IAP), as recommended by CDC GBS prevention guidelines. However, not all 142 infants were exposed to these drugs ≥4 hours before delivery as recommended (≥4 hours: 79 infants; <4 hours: 13 infants; exact timing could not be determined in 50 infants).
The majority of the 229 chorioamnionitis-exposed infants with early-onset infection were 3 
FIGURE 1
Steps for estimating the number of well-appearing infants born to women with chorioamnionitis potentially treated for each initially asymptomatic infant with culture-confi rmed, early-onset infection assuming complete implementation of the Table 3 ). Most preterm infants (135 of 148 [91%]) were born at 22-33 weeks' gestation. A lumbar puncture was performed within 7 days after birth for 148 of 228 (65%) infants; term infants were more frequently assessed by lumbar puncture than preterm infants (66 of 81 [81%] vs 82 of 147 [56%]; P < .001; information was missing for 1 infant). Bacterial pathogens were isolated from blood for 219 of 229 (98%) infants; only 5 of 229 (2%) were diagnosed by growth from cerebrospinal fluid alone. Escherichia coli was the most frequently isolated organism overall (84 of 222 [38%] single-pathogen infections) and the most frequently isolated organism among preterm infants (75 of 144 [52%] single-pathogen infections). Group B Streptococcus was the most commonly isolated bacterial pathogen among term infants (47 of 78 [60%] single-pathogen infections). Consistent with group B Streptococcus prevention guidelines, a CBC was performed for a majority of infants within 6 hours of birth (191 of 225 [85%]; information missing for 4 infants), and most infants received antibiotic therapy within 6 hours (191 of 219 [87%]; information was missing for 10 infants). However, a CBC was more commonly performed for preterm infants than for term infants (141 of 146 [97%] vs 50 of 79 [63%]; P < .001), and a larger proportion of preterm infants received antibiotic therapy within 6 hours of birth (130 of 140 [93%] vs 61 of 79 [77%]; P < .001). Although 80 of 81 (99%) term infants survived to discharge, transfer, or 120 days, only 102 of 148 [69%] preterm infants survived to status (P < .001). The median length of hospital stay among survivors was 59 days longer for preterm infants (P < .001). Cause of death was recorded for 46 of 47 infants who died. Death was infection-related for 34 of 46 (74%) infants, including a term infant who died <9 hours after birth with an invasive E coli infection.
Timing of Signs and Symptoms of Early-Onset Infection
Signs or symptoms of sepsis were documented within 6 hours of birth for 200 (87%) of the 229 chorioamnionitis-exposed infants. No infants were considered symptomatic solely on the basis of CBC findings (ie, neutropenia or thrombocytopenia). All infants who died were symptomatic within 6 hours of birth. No signs or symptoms of sepsis were documented within 6 hours of birth for 29 (13%) infants, although 8 of 29 (28%) developed signs or symptoms of sepsis within 72 hours after birth ( Fig 2) . Selected characteristics of the 29 initially asymptomatic infants are depicted in Table 4 . Although 23 of 29 (79%) were born at term, only 58 of 200 (29%) symptomatic infants were born at term (P < .001). Placental pathology was performed less often for deliveries of infants who were asymptomatic within 6 hours of birth compared with infants who were initially symptomatic (18 of 28 [64%] vs 182 of 200 [91%]; P < .001; information was missing for 1 infant). Correspondingly, clinical diagnoses of chorioamnionitis without histologic confirmation were more common among the initially asymptomatic infants than among the 4
FIGURE 2
Flow of subject selection from infants with culture-confi rmed, early-onset infections identifi ed in the original surveillance study conducted during 2006-2009 at 16 university-based centers of the Neonatal Research Network to inclusion in the present retrospective detailed review of infants with early-onset infections and maternal chorioamnionitis. Delivery at <37 weeks' gestation (P < .001), rupture of membranes ≥18 hours (P = .04), and uterine or abdominal tenderness (P = .03) were more commonly documented for mothers of infants who were symptomatic than for mothers whose infants were initially asymptomatic ( Table 5 ). In contrast, intrapartum fever (P = .01) and fever in the 72 hours before delivery (P < .001) were more common for women with chorioamnionitis whose infants were initially asymptomatic.
Number of Infants Treated for Each Well-Appearing Infant With Early-Onset Infection
The total birth cohort may have included between 1983 and 39 659 infants whose mothers had chorioamnionitis depending on chorioamnionitis prevalence (Table 6 ). Assuming complete implementation of current guidelines for the prevention of GBS disease, we estimated that 60 to 1400 wellappearing newborns born to mothers with chorioamnionitis might undergo diagnostic evaluation and receive empirical antibiotics for each initially asymptomatic infant with cultureconfirmed, early-onset infection. Estimates calculated for term and preterm infants separately were even higher ( Table 6 ). 
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DISCUSSION
In this cohort, although the majority of infants with culture-confirmed, early-onset infection born to women with chorioamnionitis displayed signs and/or symptoms of infection within 6 hours of birth, 29 of 229 (13%) were initially asymptomatic and 21 (9%) remained asymptomatic during the first 72 hours after birth. The majority of these initially asymptomatic infants were born at term gestation, and group B Streptococcus was the most common pathogen isolated. Perhaps because most initially asymptomatic infants were born at term, they were less likely than symptomatic infants to receive empirical antibiotics or to be evaluated with a CBC, as recommended by CDC guidelines for prevention of GBS disease. Nonetheless, no deaths occurred among initially asymptomatic infants.
E coli was the most common etiology of early-onset infection among all infants born to mothers with chorioamnionitis. This finding is likely because infants born to mothers with chorioamnionitis were more often preterm and E coli infections are strongly associated with birth at <34 weeks' gestational age. 1,2 Preterm infants often have nonspecific signs and symptoms consistent with both sepsis and prematurity. 21 Even in the absence of chorioamnionitis, the risk of earlyonset infections among preterm infants is much higher than among term infants. 1 Therefore, although our estimates of the number of asymptomatic preterm infants treated for each infant with earlyonset infection are high, diagnostic evaluations and empirical treatment of these asymptomatic infants may be justified in the context of the higher risk conferred by prematurity alone. Although many clinicians perform diagnostic evaluations and initiate empirical antibiotic therapy for preterm infants, the optimal management of term, asymptomatic, chorioamnionitis-exposed infants is more controversial.
Despite the tremendous impact of IAP to reduce the vertical transmission of group B Streptococcus from colonized at-risk mothers, group B Streptococcus remains the leading infectious cause of neonatal morbidity and mortality. 1, 2 Although the risk of neonatal GBS disease increases with preterm delivery, the majority of infants with early-onset GBS disease are delivered at term, because most infants are born at term. Perhaps because the mothers of most infants in the study had risk 6 factors for early-onset GBS disease, a majority received intrapartum antibiotics. In the context of chorioamnionitis, it is possible that routine IAP masks symptoms of infection in neonates born to women who received antibiotics. This masking of symptoms may explain our finding that a higher proportion of initially asymptomatic term infants had mothers who received intrapartum antibiotics than did symptomatic term infants. This possibility may also explain our observation that maternal fever and intrapartum fever (both indications for intrapartum antibiotics) were more common among deliveries of asymptomatic infants. Nonetheless, the findings that 29 of 229 (13%) infected infants born to women with chorioamnionitis were asymptomatic within 6 hours of birth and 18 of 29 (62%) of these infants were infected with group B Streptococcus suggest that current recommendations with regard to evaluation and empirical antibiotic therapy for wellappearing infants born to mothers with chorioamnionitis may result in earlier diagnosis and treatment of early-onset infections. However, the implementation of these guidelines may result in diagnostic testing and empirical antibiotics for a substantial number of healthy, uninfected, chorioamnionitis-exposed infants.
The precise ratio of well-appearing, chorioamnionitis-exposed infants potentially evaluated and treated for each initially asymptomatic infant with early-onset infection varies widely depending on the prevalence of chorioamnionitis. Additional prospective characterization of population-level chorioamnionitis prevalence rates may inform future guideline development.
This study has limitations. We had data only for infants with cultureconfirmed, early-onset infections. We were therefore unable to determine the prevalence of maternal chorioamnionitis in the cohort and have no information on the number of chorioamnionitis-exposed infants with negative cultures who may have been well appearing or symptomatic at birth. To make our classification of infants with cultureconfirmed, early-onset infections as sensitive as possible, we considered infants with any nonspecific clinical finding associated with sepsis to be symptomatic. The extent to which these factors contributed to an overor underestimate of the proportion of chorioamnionitis-exposed infants in the cohort who were asymptomatic 7 With case data only, we were unable to assess whether empirical therapy given to chorioamnionitis-exposed, well-appearing infants reduces the risk of severe disease compared with a "wait and see" approach. By including infants in our review whose mothers had a diagnosis of chorioamnionitis in the medical record without documentation of specific clinical signs (eg, fever, uterine tenderness), we may have included some infants who were not exposed to chorioamnionitis. 8 All maternal risk factor information was missing for 1 infant who was asymptomatic within 6 hours of birth and whose mother had clinical chorioamnionitis. Maternal temperature within 72 hours before delivery was missing for 1 infant who was symptomatic within 6 hours of birth and whose mother had clinical chorioamnionitis. Statistical signifi cance for a difference between the percentage in symptomatic versus asymptomatic infants was derived by Fisher's exact test. a Maternal intrapartum fever was defi ned as a temperature ≥100.4°F (38.0°C) after onset of labor leading to delivery. b Maternal fever was defi ned as any temperature ≥100.4°F (38.0°C) in the 72 hours before delivery without regard to onset of labor. c Chorioamnionitis documented in the mother's medical record, with or without histologic fi ndings from placental pathology. d Histologic chorioamnionitis documented from placental pathology without documentation of chorioamnionitis in the mother's medical record.
Nonetheless, chorioamnionitis is a clinical diagnosis often based on nonspecific signs; therefore, obstetric providers' diagnoses guide neonatal management. The inclusion of these infants was important for estimating the number of asymptomatic infants treated for each infant with earlyonset infection. Furthermore, we relied solely on retrospective data abstracted from the medical records during 2013 for information about clinical presentations during 2006-2009. Therefore, our findings should be considered along with changes in neonatal care practices that have occurred during the interim period. In addition, real-time discussions with providers may have informed verification that infants were asymptomatic and determinations of whether unusual organisms represented contaminants. Nonetheless, pathogens typically associated with neonatal sepsis were isolated from the majority of infants, including those who were initially asymptomatic, giving us confidence in our retrospective assessment.
The majority (60%) of infants with early-onset infections identified in the multicenter parent study were born to women with chorioamnionitis. We found that a significant proportion (13%) of these chorioamnionitis-exposed infants were initially asymptomatic. Even with widespread IAP use and declining early-onset GBS infection rates, efforts to evaluate and provide empirical treatment of initially wellappearing infants whose mothers had chorioamnionitis may result in timely early-onset infection diagnoses and prompt therapy for affected infants. However, substantial numbers of asymptomatic infants born to women with chorioamnionitis would potentially require treatment under the current guidelines. Our findings should prompt further investigation into chorioamnionitis prevalence rates to better quantify numbers needed to treat so that the benefit of early diagnosis can be more precisely considered along with the hazards of empirical antibiotic use in unaffected, term infants. a For these calculations, we assumed 88% of births were term and 12% were preterm. b The number of infants with culture-confi rmed, early-onset infections in the cohort who were symptomatic within 6 hours of birth was subtracted from the total estimated number of infants born to mothers with chorioamnionitis. Thus, overall estimates exclude 200 symptomatic infants with culture-confi rmed, early-onset infections; estimates for term infants exclude 58 symptomatic term infants; and estimates for preterm infants exclude 142 symptomatic preterm infants. The totals are likely to overestimate the number of asymptomatic chorioamnionitis-exposed infants in the cohort, because we had no data for infants who may have had symptoms but negative cultures. c Estimates were derived as the number of infants without symptoms of early-onset infection within 6 hours of birth (previous column) divided by the number of initially asymptomatic infants with culture-confi rmed, early-onset infections in the cohort, namely the following: 29 infants overall, 23 term infants, and 6 preterm infants. Estimates were rounded to 1 signifi cant digit (if <100) or 2 signifi cant digits.
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